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Introduction and Objectives
Summer-growing perennial grasses play an important role as sources of
grazing and harvested hay in feeding programs of Louisiana's livestock
industry. Pasture typically furnishes approximately 50 percent of the feed
for dairy cattle in the southern states as compared to 25 percent in the more
heavily populated north Atlantic states. Hodgson ( 7) ,; reported data that
showed the cost of producing 100 pounds of total digestible nutrients
(TDN) from pasture was approximately one-third that of producing an
equal amount ofTDN from grain. With the increasing demand for grain for
human consumption, more emphasis is being placed on forage production,
quality, and utilization by ruminants.
Since warm-season perennial grasses vary considerably in nutritive
value at different periods of the year, their evaluation throughout the entire
growing season is important. Considerable information has been obtained
on the quality and yield of most of these summer grasses, but few attempts
have been made to evaluate them under similar conditions.
An experiment was conducted with four warm-season perennial grasses
grown under identical environmental and management conditions with the
following objectives:
(1) To characterize forage yield and yield distribution throughout the
growing season.
(2) To determine relative quality among forages throughout the grow ing
season.
1
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Italic numbers in parentheses refer to Literature Cited, page 27.
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Review of Literature
Data available on the grasses used in this study indicate that all are well
adapted as permanent pasture crops in Louisiana.
'Pensacola bahiagrass' was first introduced into the United States in
1913. Ward and Watson (13) summarized some of the more important
aspects of bahiagrass as a forage crop. Bahiagrass is popular in the South
because: (a) it tolerates a wide range of soil conditions, (b) it is resistant to
encroachment of weeds, (c) stand establishment is by seeding, (d) it is
relatively free from attack by insects and disease organisms, (e) it produces
moderate yields on soils of low fertility, and (f) it withstands close grazing.
The authors also stated that beef gains on bahiagrass were intermediate to
gains on common and 'Coastal' bermudagrasses. Forage quality of bahia-
grass was highest in early spring, but by mid-summer the percentage of cell
wall constituents (CWC) was sufficiently high to suggest that animal intake
would be limited. Dry forage yields of 15,000 pounds per acre have been
reported when harvested at 4-week intervals (8).
Coastal bermudagrass, another grass used in this study, was released in
1 938 and is characterized by larger and longer leaves, steins, and rhizomes
than common bermudagrass (4). Coastal produces only a few seed heads,
and they rarely contain viable seed. It is estimated that some 5 million acres
of Coastal are grown in the South, and dry forage yields of 17,500 pounds
per acre have been reported (I).
Duble et al. (6) compared Coastal, common, and 'Coastcross-1' ber-
mudagrasses and Pensacola bahiagrass harvested at 14-day intervals from
April 23 through July 16. The highest quality, as measured by CWC
content, was found in Coastcross-1 bermudagrass, followed by forages of
common bermudagrass, Coastal bermudagrass, and Pensacola bahiagrass,
with seasonal average CWC values of 58.6, 59.3, 62.4, and 64.7 percent,
respectively. In vitro digestible dry matter (IVDDM) data also ranked
Coastcross-1 bermudagrass forage highest and Pensacola bahiagrass low-
est, with IVDDM values of 77.2 and 61.8 percent, respectively.
Chapman et al. (5) reported that steers grazing Coastcross-1 bermuda-
grass had higher average daily gains (ADG) than did steers on Coastal
bermudagrass and Pensacola bahiagrass pastures. It was noted that dry
matter yields of Coastal bermudagrass tended to be higher than yields of
Coastcross-1 bermudagrass and Pensacola bahiagrass.
'Alicia' is a more recent release among hybrid bermudagrasses on which
only limited forage quality measurements have been made. It and three
other bermudagrass cultivars were harvested at 35-day intervals with
seasonal average acid detergent fiber ( ADF) values as follows: Common,
32.3; Coastal, 34.2; Alicia, 34.9; and Coastcross-1, 37.3 percent (9).
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Allen ( J ) reported highest total dry matter yields with Alicia bermuda-
grass, followed by Coastal, Coastcross-1
,
common, and Pensacola bahia-
grass when harvested at 4-week intervals. He observed a more uniform
yield distribution with Pensacola bahiagrass and concluded that Pensacola
could be better utilized as a grazing crop rather than a hay crop. Alicia had
the highest structural carbohydrate percentages, while Pensacola and
Coastcross-1 had the highest IVDDM values.
Experimental Procedure
Agronomic Procedure
Four warm-season perennial grasses were established on adjacent half-
acre plots on a Providence silt loam soil during late summer of 1973.
Included were three genotypes of bermudagrass— Coastal, common, and
Alicia — and Pensacola bahiagrass. Agronomic and qualitative evalua-
tions were initiated in the spring of 1974. Each plot was fertilized in late
March with 75-200-300 pounds per acre of N, P2O5, and K2O, respec-
tively, followed by 75 pounds of N per acre after each harvest.
All grasses were pre-clipped to a stubble height of 3 inches in early April
to provide a uniform starting date for harvesting. The grasses were har-
vested at 28-day intervals throughout the growing season.
Yield data were obtained by cutting five random strips, 5 by 12 feet, in
each of the half-acre plots. The remaining forage on each of the half-acre
plots was harvested and artificially dried in a forced-air, thermostatically
controlled drier at 130°F. The dried forage was then chopped with a
hammer mill to approximately half-inch lengths. This chopping was
needed to reduce animal selectivity during the feeding trials and to aid in
weighing.
In Vivo Digestibility Trials
Each of the chopped forages was fed to four sheep, which served as
replicates, in conventional digestion trials consisting of a 9-day prelimi-
nary period, a 5-day total-fecal-collection period, and a 7-day voluntary
intake period. The sheep were maintained in conventional digestion crates
that permitted individual feeding (twice daily), weigh-backs (once daily),
and total fecal collection. The chopped forages were sampled during each
digestion trial, dried, and ground in a Wiley Mill to a 1 -millimeter fineness
for laboratory analyses.
Forage Quality Measurements
Cell wall constituents (CWC), acid detergent fiber (ADF). hemicel-
lulose, cellulose, acid-insoluble lignin (AIL), and in vitro digestible dry
matter (IVDDM) were determined by the Van Soest procedure ( 12). The
IVDDM procedure was modified by the addition of glucose and urea to the
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buffer solution (10). Determinations of crude protein (CP), calcium (Ca),
phosphorus (P), potassium (K), magnesium (Mg), and sulphur (S) content
in the forages were made according to A.O.A.C. procedures (3).
Statistical Analyses
Statistical analyses of the data were conducted according to procedures
described by Snedecor and Cochran (11). The data on replications, clip-
ping dates, and years were analyzed. Data are reported graphically as
clipping-date means. A stepwise regression analysis of each variable on
each clipping date was conducted using the linear, quadratic, cubic, and
quartic terms for clipping dates. Regression analyses were based on data
collected over a 2-year period (1974-1975).
Results and Discussion
Dry Forage Yield Per Acre
Season-total dry forage yields, in pounds per acre, for the grasses were:
Alicia— 17,951; Coastal— 16,162; common— 15,868; and Pensacola-
13,582. Dry forage yields among bermudagrass varieties were not signifi-
cantly different throughout the growing season (Figure 1). The bermuda-
grasses produced higher yields than Pensacola early in the growing season
(May-July). Alicia produced more forage than Pensacola from May
through September, except at the August 20 harvest. Coastal and common
yields were highest on the May harvest date, and their yields decreased
continuously as the season advanced. All forage yields decreased as season
advanced after May 28, although the yield of Pensacola was rather stable
from May 28 through August 20.
These data indicated that Pensacola was less tolerant of cool spring
nights and was slower in initiating new growth than the bermudagrasses. In
early May, the bermudagrasses produced approximately two-and-one-half
times as much dry forage as Pensacola did. In grazing systems, stocking
rates would have to be adjusted over the season to effectively utilize forages
produced by the grasses. An alternative would be to harvest the excess
forage as hay when weather conditions permitted proper curing.
Structural Carbohydrates
Cell Wall Constituents. Cell wall constituents (CWC) include the total
fibrous fraction of the forage. These fractions include acid detergent fiber
(ADF) and hemicellulose. The ADF is further subdivided into cellulose
and lignin. The fibrous portion of the plant is the material acted on by
microflora in the rumen. The CWC makes up the major portion of the
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perennial plant cell, and generally, the higher the CWC in a forage the
lower the quality of that forage.
The forage CWC percentages of the four grasses are shown in Figure 2.
There was an almost linear increase in CWC percentage of Alicia as the
season advanced. The CWC of common, Coastal, and Pensacola was not
significantly affected by date of harvest, and therefore, the seasonal mean
values of 71 . 1 , 71 .5, and 72.3 percent, respectively, are shown rather than
a regression line. Alicia exhibited consistently higher CWC percentages
than the other grasses. This difference was significant (P<.05) after July
23.
Figure 1
.
75.
—Seasonal distribution of dry forage yield of four perennial grasses, 1974-
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Acid Detergent Fiber. Acid detergent fiber (ADF) is a more realistic
measure of the forage fiber that may be digested by a ruminant than is crude
fiber, since ADF includes lignin which is only partially extracted in the
crude fiber analysis. Pensacola exhibited higher ADF percentages than the
other forages after May 28, as shown in Figure 3. The high ADF content
found in Pensacola during July and August, followed by a lower value in
September, is in agreement with the findings of other researchers (2). This
high ADF content was probably due to the presence of a greater proportion
of stems and seed heads in the forage during the mid-summer months when
the plants enter the reproductive stage. In late summer, Pensacola typically
reverts primarily to vegetative growth, with fewer seed heads being
formed. Such morphological changes could help account for the lower
ADF percentages found during the latter part of the growing season. The
ADF percentages of Alicia, Coastal, and common were not significantly
affected by date of harvest, so seasonal means, rather than regression lines,
are shown for them in Figure 3. Alicia had a seasonal mean ADF percen-
tage of 36.0, which was significantly higher than those of Coastal and
common, with seasonal means of 33.6 and 31.6 percent, respectively.
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Figure 2.—Cell wall constituent content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Hemicellulose. Hemicellulose content in forage is regarded as the differ-
ence between CWC and ADF and is generally more digestible than cel-
lulose. It is composed of a mixture of polymers which may have different
digestion coefficients within the same forage. Pensacola was consistently
lower in hemicellulose than the other grasses, as shown in Figure 4. The
hemicellulose percentages of Pensacola decreased from May until July and
then increased through September. Hemicellulose percentages of Alicia
increased linearly as the season advanced. Common and Coastal hemicel-
lulose contents were not significantly affected by date of harvest, with
seasonal means of 39.5 and 38.1 percent, respectively. All of the ber-
mudagrasses were significantly higher in hemicellulose than Pensacola,
with the exception of the first and last harvests.
Cellulose. Significant differences were noted in cellulose percentages
among the four grasses (Figure 5). Pensacola consistently produced the
highest cellulose content, while common produced the lowest. Alicia \\ as
Pensacola
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Figure 3.—Acid detergent fiber content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected b\ harvest date
significantly higher in cellulose than common at all harvest dates, and
higher than Coastal at all harvests except the first. Coastal and common
cellulose percentages were not significantly different at any harvest date,
but common consistently had the lowest numerical value. Cellulose con-
tent of Coastal was not significantly affected by date of harvest, with a
seasonal mean of 27.6 percent.
Acid-Insoluble Lignin. Lignin is considered to be completely indigestible
and is a true anti-quality factor. Acid-insoluble lignin (AIL) content in
Pensacola increased linearly, from 3.26 percent on May 1 to 5.28 percent
on September 17, as shown in Figure 6. The only significant difference
noted among AIL percentages of the grasses after June 25 was between
common and Pensacola on September 17. The bermudagrasses did, how-
ever, have significantly higher AIL percentages than Pensacola during the
first two harvests. The AIL content of Alicia and Coastal was not signific-
antly affected by harvest date, and seasonal means of 4.70 and 4.53
percent, respectively, were observed.
Harvest Dates
Figure 4.—Hemicellulose content of four perennial grasses, 1974-75.
'Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Figure 5.—Cellulose content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Crude Protein
The crude protein (CP) content of forages has long been recognized as an
indicator of forage quality for ruminants. A level of forage CP ranging from
15.6 to 18.7 percent on a dry matter basis is considered adequate to meet
the protein needs of a beef cow with calf.
As noted in Figure 7, these perennial grasses met the minimal protein
requirements only in early May and in September during the 2-year study.
A sharp decrease in CP occurred in all grasses after May 1 with only slight
changes during the mid-summer months. However, the CP content of all
forages increased dramatically in September. There were no significant
differences in CP percentage among grasses at any harvest date. Alicia had
numerically lower protein values during the first half of the season, while
common harvested in June and July had numerically higher CP percentages
than those of other grasses, but neither was statistically significant.
' ' Pensacola
Al icia /]_
Coastal /]_
May May June July Aug. Sept.
1 28 25 23 20 17
Harvest Dates
Figure 6.—Insoluble lignin content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Minerals
Calcium. Calcium (Ca) is recognized as an essential secondary nutrient for
plant growth, and also as an essential and major mineral in animal nutriti-
tion. A range in Ca content of 0.22 to 0.25 percent in forage is considered
adequate for beef cows. The Ca content in all forages tested was above 0.30
percent throughout the entire season (Figure 8). The Ca level in Pensacola
decreased from 0.40 percent on May 1 to 0.31 percent in June and Jul) and
then increased to 0.42 percent in September. Ca content of the bermuda-
grass forages was not significantly affected by harvest date, with seasonal
means ranging from 0.43 for Coastal to 0.48 percent with Alicia.
Harvest Dates
Figure 7.—Crude protein content of four perennial grasses, 1974-75.
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Figure 8.—Calcium content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Phosphorus. All of the grasses, with the exception of Pensacola harvested
in June and July, were at or above the minimum level of 0.26 percent
phosphorus (P) considered necessary for maintenance of ruminants on an
all-forage diet (Figure 9). Phosphorus content of Pensacola decreased
during May and June, followed by a gradual increase through September.
The P content of bermudagrasses was not significantly affected by date of
harvest. While Alicia was highest in P throughout most of the growing
season, there were no significant differences noted in P content among any
of the grasses.
Potassium. There was a strong trend toward lower potassium (K) content
of all grasses with advances in the season (Figure 10). Pensacola exhibited
a lower K percentage than the bermudagrasses at all except the September
harvest. There were, however, no significant differences noted among K
content of forage of any of the grasses at any one harvest date.
It has been suggested by the National Research Council that a forage K
level of 1.2 percent would be considered minimal for proper ruminant
nutrition when the forage served as the total diet. The K content of all four
• 35
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Figure 9.—Phosphorus content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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grasses met the minimum requirements for maintenance of ruminants
throughout the season, even at the September harvest.
Magnesium. The minimum maintenance level of 0. 1 6 percent magnesium
(Mg) for ruminants was exceeded in all the grasses, with the exception of
Coastal harvested during the first half of the growing season (Figure 1 1).
The Mg percentages of both Coastal and Pensacola increased as the season
advanced. Pensacola exhibited consistently higher forage Mg levels
through the season than the other grasses. The Mg content of common and
Alicia forages was not significantly affected by harvest date, with seasonal
averages of 0.18 and 0.16 percent, respectively.
Sulfur. The sulfur (S) content of bermudagrasses was higher than that of
Pensacola forage, as noted in Figure 12. There was a linear decrease in S
2.10
May May June July Aug. Sept
1 28 25 23 20 17
Harvest Dates
Figure 10.—Potassium content of four perennial grasses, 1974-75.
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content of common forage throughout the season. Sulfur percentage of
Alicia forage decreased from 0.38 on May 1 to 0.23 on July 23 and then
increased to 0.31 percent in September. Sulfur content in Coastal was not
significantly affected by harvest date, with a seasonal average of 0.22
percent.
Harvest Dates
Figure 1 1.—Magnesium content of four perennial grasses, 1974-75.
'Horizontal line indicates seasonal means were not significantly affected h\ harvest date.
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Figure 12.—Sulfur content of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Digestion Coefficients
In Vivo Digestible Dry Matter. Forage digestibility is closely related to
animal performance (beef and milk production), which is the ultimate
forage quality evaluation. In vivo digestible dry matter (DDM) values
show that Pensacola was the most digestible of the grasses early in the
growing season (Figure 13). Pensacola DDM dropped from 63.0 percent
on May 1 to about 56.0 percent in August and September. Throughout the
season Pensacola forage was more digestible than that of Alicia bermuda-
grass. At the first harvest, Alicia was 58.5 percent digestible. However,
digestibility declined to a low of 53.5 percent on June 25, after which it
increased until August 20 and then dropped again. The DDM percentages
of common and Coastal were not significantly affected by harvest date,
with seasonal averages of 58.6 and 57.2 percent, respectively.
Harvest Dates
Figure 1 3.—In vivo digestible dry matter content of four perennial grasses, 1 974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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In Vitro Digestible Dry Matter. In vitro digestible dry matter (IVDDM)
is generally regarded as a relative or approximate measure of the nutritional
value of a forage. Results reported in other studies have shown a high
positive correlation between IVDDM (test tube) values and DDM (animal)
values for forages.
The IVDDM values reported in Figure 14 represent apparent DDM and
were calculated from the formula: apparent DDM= 15.1 + .5446X, where
X is the test tube digestibility value {10). The IVDDM percentage of
Pensacola followed a trend very similar to that of the animal DDM data.
IVDDM percentages of Pensacola ranged from 62.4 on May 1 to 54.8 on
August 20, with an increase to 56.0 on September 17.
There were highly significant positive correlations between DDM and
IVDDM values for all grasses as follows: Alicia (r= .73), Coastal (r=.89),
common (r=.90). and Pensacola (r=.77).
The IVDDM percentages of the bermudagrasses were not significantly
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Figure 1 4.—In vitro digestible dry matter content of four perennial grasses, 1 974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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affected by harvest date. Season average I VDDM percentages of common
and Coastal, 56.2 and 55.5, respectively, were not significantly different.
Alicia had a significantly lower seasonal average I VDDM. 53.2 percent,
than the other forages.
Animal Intake
Dry matter intake of a forage is directly related to palatibility, digestibil-
ity, and rate of passage. Dry matter intakes of the forages, expressed as
percent of body weight of the sheep, are presented in Figure 15. No
significant differences were noted in intake among the forages at an\ one
harvest date. With the exception of Alicia, intake increased from May 1
through May 28 and then decreased during July and August. Intake of
Coastal, common, and Pensacola increased slightly in September. There
was no significant change in the intake level of Alicia due to season, w ith a
seasonal average of 2.5 percent of body weight.
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Figure 15.—Forage intake of four perennial grasses, 1974-75.
1 Horizontal line indicates seasonal means were not significant!) affected b> han est date.
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Component Digestibility
Cell Wall Constituent Digestibility. All of the grasses exhibited their
highest CWC digestion coefficients in forage of the first harvest and then
decreased rapidly until May 28 (Figure 16). CWC digestion percentages
were between 55 and 65 during the remainder of the season. Pensacola was
highest in CWC digestibility throughout the season, with the exception of
July 23, at which time common was slightly higher. Alicia had the lowest
CWC digestion percentage until the September 17 harvest date.
Acid Detergent Fiber Digestibility. Pensacola was consistently higher in
ADF digestibility than the bermudagrasses (Figure 17). There were no
significant differences noted among the ADF digestion percentages in the
bermudagrass forages at any harvest date. ADF digestion percentages of
Pensacola, Alicia, and common decreased rapidly during May, with only
I
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Ma Y May June July Aug. Sept.
1 28 25 23 20 17
Harvest Dates
Figure 16.—Digestibility of forage cell wall constituents of four perennial grasses,
1974-75.
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slight changes during the remainder of the season. The ADF digestion of
Coastal was not significantly affected by harvest date, with a seasonal
average of 52.0 percent.
Hemicellulose Digestibility. Hemicellulose digestibility of Pensacola was
highest of all grasses at all dates (Figure 18). Alicia had the lowest
hemicellulose digestibility until September, when Coastal exhibited a
lower value.
Cellulose Digestibility. Cellulose digestibility followed trends very simi-
lar to those established with digestible CWC, ADF, and hemicellulose
(Figure 19). Pensacola had the highest forage cellulose digestibility values
throughout the growing season. The cellulose digestion percentages among
bermudagrasses were not significantly different at any harvest date. Cel-
lulose digestion of Coastal was not significantly affected by season and had
a seasonal average of 62.5 percent.
May May June July Aug. Sept.
1 28 25 23 28 17
Harvest Dates
Figure 1 7. -Digestibility of forage acid detergent fiber of four perennial grasses,
1974-75.
1 Horizontal line indicates seasonal means were not significantly affected by harvest date.
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Figure 18.—Digestibility of forage hemicellulose of four perennial grasses, 1974-
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Crude Protein Digestibility. Protein digestibility in Pensacola forage \\ as
consistently lower than that of the bermudagrasses ( Figure 20). There w as
no significant difference in the protein digestion coefficients among the
bermudagrasses at any harvest date. Protein digestibility tended to decline
from early season to August, and increase in September to levels near those
of May 1. Digestion coefficients ranged from 75.0 to 50.8 percent. Pen-
sacola bahiagrass and common bermudagrass were most variable over the
season in protein digestibility.
Harvest Dates
Figure 19.—Digestibility of forage cellulose of four perennial grasses, 1974-75.
'Horizontal line indicates seasonal means w ere not significantly affected by harvest date
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Summary and Conclusions
Four perennial grasses, Alicia, Coastal, and common bermudagrasses
and Pensacola bahiagrass, were grown for 2 years under field conditions
and evaluated for forage yield, chemical composition, and digestibility.
Alicia bermudagrass produced the highest total yield, followed by Coastal
and common bermudas and Pensacola bahiagrass. The bermudagrasses
were more tolerant of cool spring temperatures, and their yields were
higher in the early spring than that of Pensacola. Yield of all grasses
decreased after June 25.
Structural carbohydrate percentages were generally highest in Alicia and
Pensacola. Pensacola was highest in ADF and cellulose, while Alicia was
highest in CWC. Common was lowest in structural carbohydrate percen-
tage, with the exception of hemicellulose.
Crude protein was not significantly different among grasses, with all
forages containing the greatest quantity of CP at the May 1 and September
1 7 harvest dates.
Mineral content of all forages was above the minimal requirements for
maintenance of ruminants on an all-forage diet. Calcium and phosphorus
levels in the bermudagrass forages were not affected by season. Potassium
percentages of all the grasses decreased as the season advanced.
There were highly significant positive correlations between in vivo and
in vitro DDM values for each of the grasses tested. Pensacola was most
digestible early in the growing season, and Alicia was least digestible after
the first harvest. Coastal and common did not change significantly in
digestibility with date of harvest.
Intake of the forages was not significantly different among grasses
within harvest dates, but intake was generally highest in May and June and
lowest in August.
Digestibility of Pensacola structural carbohydrates was consistently
higher than that of the bermudagrasses. Generally, Alicia was lowest in
carbohydrate digestibility of the three bermudagrasses.
These data reveal that bermudagrass yields were higher than that of
Pensacola early in the season. Generally, season had a greater effect on
quality of Pensacola than on bermudagrass forages. The quality of Pen-
sacola was superior to the bermudagrasses early in the season, with no
practical differences noted late in the season. Alicia was inferior to the
other bermudagrasses in forage quality.
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